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THE APPLICATION OF THE MANOMETRIC FLAME 
TO THE TELEPHONE. 
BY LOUIS W. AUSTIN. 
A CONVENIENT method of showing visually the complex 
^ * - motions of the diaphragm of a telephone receiver seems of 
some considerable scientific interest. The methods which have been 
used for studying these vibrations are for the most part complicated 
and difficult to carry out, and do not any of them, so far as I know, 
permit the accurate study of vibrations of any degree of complexity. 
The great sensibility of the manometric flame to small changes 
of gas pressure is well known and since the possibility of preserving 
its records photographically has been shown by Professor Merritt l 
the field of its usefulness has been greatly increased. This great 
sensibility suggests the possibility of its use in making visible the 
sound waves produced in the telephone. In order to test the feasi-
bility of this idea a telephone receiver was connected to an ordinary-
manometric capsule by means of a rubber tube passing through a 
cork cemented into the opening in the telephone cap. The tele-
phone was then connected in a shunt from the alternating circuit 
and about .01 ampere sent through it. This made the flame dance 
excitedly, but when examined in the revolving mirror the image 
showed very little resemblance to the known form of current wave. 
The real cause of these inaccuracies was not at first apparent. 
Several different jets and capsules were used and changes were made 
in the distance between the telephone diaphragm and the cap, as it 
was thought that perhaps the diaphragm might come in contact 
with the cork in the opening, but it was not until the connecting 
tube was done away with that any improvement was discovered. 
In the new arrangement a jet was inserted directly through the 
rubber cork in the telephone cap and another hole drilled in the cap 
1
 Ernest Merritt, PHYS. REV., Vol. I., pp. 166, 1893. 
1 2 2 LOUIS W. AUSTIN. [VOL. XII. 
through which the gas was introduced, thus making a manometric 
capsule of the telephone itself. These changes seemed decidedly 
beneficial, showing that at least a large part of the difficulty lay in 
the friction and elasticity of the connecting tube. As it was thought 
possible that the remaining inaccuracies might be due to pulsations 
set up in the rubber tube introducing the gas, the gas opening in the 
cap was constricted to about the size of the opening in the jet. 
After this change had been made, the lower edge of the luminous 
part of the flame as seen in the revolving mirror assumed nearly the 
sine form, and the sensibility of the apparatus was increased in a 
marked degree. Fig. I shows the general 
arrangement of the telephone in its final 
form, A being the jet passing through the 
cork C, and B the inlet for the gas. 
The apparatus has been tried with a 
number of different alternators and the 
curves from all of these seem to show their 
known peculiarities of form, though it 
must be confessed that a certain distortion 
seems to be present. The reason for this 
has not been with certainty determined, 
but it seems probable that it is due at 
least in part to the flame itself and its ten-
dency to flare. 
In these earlier observations drawings of the wave forms were 
made, but the fleeting character of the images made their reproduc-
tion in this way difficult and somewhat uncertain, and it was there-
fore decided to try photography. As the ordinary illuminating gas 
does not give a flame which is actinic enough for the purpose unless 
mixed with oxygen as suggested by Professor Merritt, acetylene 
was tried. This was found to be highly satisfactory photographic-
ally, but the distortion seemed to be increased so that the photo-
graphed curves are probably much less accurate than those ob-
served in the revolving mirror when the illuminating gas was used. 
The photographs were taken with an ordinary camera which was 
swung around in front of the flame on a kind of whirling table, the 
camera being placed at such a distance as to make the image not 
far from the same size as the flame. 
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In Fig. 2, a, is shown a photograph of the current curve of the 
Madison day incandescent lighting system, with a flame about 1 5 
mm. high. The flaring tendencies are here much worse than in the 
case of the illuminating gas, the left side of each wave being espe-
cially distorted from this cause. In b the same current curve is 
shown photographed with a flame 8 mm. high and with a smaller cur-
rent through the telephone. This seems to be less distorted, but at 
the same time loses some of the distinctness of its characteristics. 
It was found here as well as in the case of the illuminating gas 
that when a certain amplitude of vibration of the telephone dia-
phragm was exceeded the flame curve became discontinuous and 
gave out a loud humming sound reproducing the note of the trans-
former, this critical amplitude being apparently roughly propor-
tional to the height of the flame. 
The wave forms produced by speaking into a carbon transmitter 
were also observed. It was found that any tone which sounded 
strong and loud when heard in a receiver produced a well-marked 
motion in the flame, but as was to be expected the latter did not re-
spond to the weaker sounds. In Fig. 2, cy is shown a photograph 
of the flame when the vowel a, pronounced as in far, was spoken 
into the transmitter. The flame in this case was about 1 cm. high. 
It seems probable that the small undulations of the bottom of the 
flame, which are quite clear with the illuminating gas but unfortu-
nately indistinct in the photograph, represent the real wave form of 
the sound. 
While it had been already shown that the lower line of the lumi-
nous part of the flame followed quite accurately the motions of the 
diaphragm, it was thought worth while to investigate what degree 
of proportionality existed between the rise in the top of the flame 
and the potential difference across the terminals of the telephone. 
To try this the following experiment was carried o u t : An alternat-
ing current of about 0.8 ampere was sent through a bare wire so as 
to produce a fall of potential of about 0.07 volt per cm. along its 
length. From this various voltages were applied to the telephone, 
it being assumed that the motion of the telephone diaphragm could 
be considered proportional to the difference of potential at its ter-
minals. A millimeter scale was mounted close by the flame and 
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both were observed through a large lens magnifying about three 
diameters. This enabled readings to be taken to o. I mm. with con-
siderable certainty. Observations were made with flames of different 
heights both in the case of illuminating gas and acetylene. Jets of 
four different-sized openings were used, 0.28 mm., 0.6 mm., 1.1 mm., 
1.8 mm. With illuminating gas it was found that the rise in the 
top of the flame was, as nearly as could be observed, proportional 
to the voltage, up to about the point where the buzzing of the flame 
became quite noticeable. It was also found to be nearly independent 
of the original height of the flame up to 50 mm. in the case of the 
two smaller jets. The smallest jet, 0.28 mm., was found to be less 
than half as sensitive as the others, while the two largest seemed 
less regular in their action, therefore 0.6 mm. was chosen as the 
best size for use. With this the rise in the flame was about 6 mm. 
per volt. The low acetylene flame behaved much the same as the 
illuminating gas, but the high flame seemed to increase in height 
more rapidly than the voltage. 
During the observation it was noticed that the lower part of the 
luminous portion of the illuminating gas flame when vibrating ap-
peared to draw itself down in the form of an inverted cup which 
was very sensitive to slight changes in voltage, moving up and 
down constantly, apparently at each revolution of the engine. 
The above observations suggest several possible lines of useful-
ness for the manometric telephone. 
1. It may be used to show in the lecture room the motions of 
the telephone diaphragm, and illustrate the undulations of an alter-
nating current. 
2. It may, perhaps, be developed so as to offer a practical and 
convenient method of tracing alternating current curves. 
3. In connection with a second manometric flame actuated by a 
tuning fork of known period it becomes a frequency teller. 
4. It may be used in studying the distortions in sounds, produced 
by telephone transmission. 
5. It offers a convenient method of comparing small alternating 
electromotive forces. 
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